7 purified using the Wizard ® SV gel and PCR clean-up system (Promega-Australia) 1 prior to sequencing. Plasmid incompatibility groups and CTX-M typing were 2 identified by published methods (9, 44) , and confirmed by sequencing. Plasmid DNA 3 from large low copy plasmids was purified using Qiagen plasmid Maxi kit, following 4 manufacturer's protocol (Qiagen-USA). 5 6
Fosmid library construction and screening 7
Fosmid libraries were constructed from genomic DNA of six isolates, U020, 8 C005968, C188681, C220427, C247823 and C68761, using the CopyControl Fosmid 9
Library Production Kit (Epicentre-Madison, Wisconsin) and following standardised 10 methods (23, 26). Fosmid DNA from intI1 positive clones was extracted using 11 Wizard ® plus SV Miniprep kit (Promega-Australia) and the terminal ends of the 12 insert DNA sequenced using FP and RP vector primers (Table 2) . A single fosmid 13 clone per library was selected on the basis of end sequences and analysed in detail by 14 sequence walking. Sequences were assembled using MacVector software and 15 identified using NCBI-BLAST. 16
17

Conjugation assays 18
Conjugation assays for isolates without the qnrB2 were set up by mixing mid-log 19 phase cells of the donor and the Nalidixic acid resistant (25µg/ml) E. coli UB5201 20 (13) recipient cells in a ratio of 1:1 and incubating the mixed culture at 37 o C for 2 h. 21
Transconjugants were selected by plating 150 µl of the mating mixes on LB plates 22 supplemented with appropriate antibiotics. 23
Pulse field gel electrophoresis (PFGE) was performed on XbaI digested samples as 1 published (28) on a CHEFDRIII system (Bio-Rad Laboratories, Hercules, CA). 2
Digital XbaI macro-restriction patterns were analysed using fingerprinting II software 3 (Bio-Rad laboratories, Hercules CA) and Salmonella enterica serotype Braenderup 4 H9812 as control. A phylogenetic tree was constructed by the use of the Dice 5 similarity coefficient method (≥75%) and interpreted according to the published 6 guidelines (41). Each pulsotype was assigned a group designation (Table 1) . 7 8 Accession numbers : 9 Regions of the fosmids S1 (C005968), Syd12 (C188681), Syd15 (C220427), Syd8 10 (C247823), Syd23 (C68761) and U020 have been deposited in GenBank under 11 accession numbers HQ419285, HQ419286, HQ419284, HQ419283, HQ419282 and 12 HQ419281 respectively. 13 14
Results: 15
Class 1 integrons amongst MDR-K. pneumoniae isolates: 16
from SA, and 14 analogous isolates from Sydney were selected for detailed analysis 1 (Table 1) . The SA cohort comprised seven isolates from Chile and six each from 2 Argentina and Uruguay. 3 4 Many studies of clinical class 1 integrons rely on PCR methods using primers that 5 target the conserved regions, including the 3´-CS, flanking the inserted resistance 6 genes, to recover a product. The experimental design selects for the recovery of class 7 1 cohorts with specific regions being present. In contrast, lineages that possess 8 alterations to the basic structure ('atypical' integrons-as described in Fig.1 ) may 9 provide insights into the evolution of class 1 integrons at global and regional levels. In 10 this study we analysed strains in a way that would provide detailed structural 11 information for the sample set and not preclude integrons with unconventional 12 structures. As a starting point, we used a PCR mapping method (Fig. 1A) to group 13 integrons into structural types and to identify the prevalence of any particular type, 14 within the test-MDR population. Structural group II integrons (Fig. 1B) , defined here 15 by the absence of a Tn402-like tniA specific amplicon, was most frequently identified 16 in isolates from all four countries, especially Chile (6 of 7) and Sydney (13 of 14). 17
There was clonal diversity amongst isolates even where cassette arrays were identical. 18
This was most notable in the 10 Sydney isolates that possessed the bla IMP4 -qacG2-19 aacA4-catB3 array where this array was distributed across three different PGFE 20 pulsotypes (I, V and VII) and harboured different combinations of IncL/M and FIIA 21 plasmids (Table 1) . 22
The Tn402 transposition system targets resolution (res) sites associated with plasmids 1 and transposons (29). Taking advantage of this, the genetic contexts of the class 1 2 integrons in all strains were initially investigated by using primers that target these 3 sites along with sets of primers (27) targeting IRi and IRt boundaries (Fig 1A) . The 4 res specific primers were designed to target the transposon backbones observed in the 5 previous Uruguay study (Table 2 ) (27). These included the res regions for the Tn5036 6 and Tn21 transposon backbones. Transposon/integron boundaries within the SA 7 cohort could mostly be identified at the IRi end (Table 3) with such primer pairs, but 8 the majority of the Sydney isolates failed to produce an amplicon at either the IRi or 9
IRt junctions. At the IRt end this strategy did not work as effectively because group 10 II integrons (Fig 1, Table 1 ), that lack a tniA gene and hence have no binding site for 11 HS825 (Fig 1) , mostly dominated the Sydney cohort and were present in a significant 12 number within the SA cohort. 13
14
The IRi boundaries could be identified in all (Table 3) That the integrons were located on the plasmids identified above was confirmed by 19 conjugation assays using a representative isolate from each country and containing the 20 cassette array most prevalent in the respective country (Table 1) . Transconjugants 21 from each set were plasmid typed and the presence of an integron was confirmed by 22 PCR. Isolate C005968 from Sydney harboured a structural group II integron and 23 appeared to have two plasmids belonging to IncL/M and FIIA types. Pulsed field gel 24 electrophoresis was used to physically separate the two replicons and the integron waslocated on the IncL/M replicon by plasmid typing PCR (9) . Purified C005968 plasmid 1 DNA was also used as a template in sequencing the IRi boundary, which led to the 2 identification of an IS26 element inserted 20 bases from IRi on a Tn21-like backbone. 3
The IRi-IS26 boundary has previously been reported from a clinical K. pneumoniae 4 isolate, pJIBE401, from Sydney in 2008 (15) (Accession no AJ609296.2). 5 6 An IS26 based primer, HS1001 (Fig. 2B) , was designed and paired with HS818 to 7 screen the Sydney cohort for this element. Ten isolates, all of which also harboured a 8 structural group II integron and the bla IMP-4 containing cassette array, generated an 9 amplicon consistent (575bp) with the boundary in isolate C005968. Two isolates, 10 relative location ( Fig. 2A ) in all. A Tn1000/Tn2* hybrid module (27) was common 1 within the Uruguayan and Argentinean cohorts. Sydney isolates tested negative for all 2 the above genetic components, including CTX-M-2 gene, although a majority of them 3 (10 of 14 - Table 1 ) possessed an ISCR1 element associated with a second 3´-CS. 4
Sequencing three representative amplicons generated with primers specific for ISCR1 5 and the 3´-CS2 indicated the presence of a qnrB2 gene, which was subsequently 6 confirmed in all 10 ISCR1/3´-CS2 positive isolates harbouring the structural group II 7 integron and an IS26-Tn21 IRi boundary. A fosmid library was made from isolate 8 C005968, a representative of the Sydney cohort of 10 isolates that hosted a similar 9 integron in an identical genetic context. Sequence analysis of an intI1 positive fosmid 10 clone revealed the presence of a complex class1 integron associated MDR loci, 11 previously identified in pJIBE401 (AJ609296) (15) with the exception of an IS5075 12 inserted at the same location as that seen for IS4321 in pJIBE401 (Fig. 2B) . 13
Structure and context of intI1 positive Sydney isolates without an ISCR1 element: 15
Nine intI1 positive MDR-isolates that tested negative for ISCR1 elements, obtained 16 from two different Sydney hospitals, were additionally analysed in an effort to 17 identify differences, if any, in the associated drug resistant loci and genetic contexts 18 of class 1 integrons. The nine isolates clustered into four unusual integron groups, II 19 (1), III (4), IV (2) and V (2) (Fig. 1B) , characterised by the absence of one or more 20 PCR product/s specific for the 3´-CS and/or tniA gene. 21
22
Tn21 transposon specific genes at the IRi ends of the integron were identified in 23 isolates C247823 and TS31 (Table 3) revealed the presence of a macrolide resistance operon flanked by a copy of IS6100 at 10 one end and IS26 at the other. This structure was located immediately beyond IRt of 11 the resident structural group II integron (Fig 2C) . This same structure was also present 12 in a similar genetic location in isolate C005968 (Fig 2B) from Sydney and has several 13 precedents in the literature (15, 36) suggesting it is part of a Tn21-like transposon 14
[40]. In U020, a Tn21 specific transposition module, interrupted by an IS26 element 15 and a Tn2 transposon, was present at the IRi boundary (Fig. 2C) (Fig. 2D-E) .located 1 at the same point in the respective backbones. Sequencing from both fosmid ends of 2 clone S15 of isolate C220427 revealed sequences identical to an ESBL plasmid, 3 pK245, isolated from K. pneumoniae (12) implying that the whole MDR region of 4 C220427 is inserted in a pK245-type backbone. In contrast, sequencing of the insert 5 ends of fosmid S12 in isolate C188681 revealed sequence identity at each end 6 matching to different plasmids. One end was found in a plasmid from K. oxytoca and 7 the other from K. pneumoniae (8, 11) . This would suggest a homologous 8 rearrangement in one of these plasmids that possibly involved sequences within the 9 MDR region. The bla CTX-M-15 gene in isolate C188681, was located in a context 10 identical to isolate U020, including the presence of bla TEM-1b and aac(6)-1b. 11
12
The integron in isolate C247823 had a single gene cassette (dfrA14) and was also an 13
In4 derivative with a deleted 3´-CS. Beyond the inserted cassette, changes have 14 collectively resulted in the acquisition of the macrolide resistance operon (Fig. 2F)  15 flanked by IS6100 and IS26 as seen previously in this study. In4 relatives are most 16 commonly associated with Tn1696-like transposons (34), however isolate C247823 17 has a Tn21 backbone. This implies the integron linked MDR-locus was generated by 18 an independent transposition event of the In4-like integron. The urf2 gene at the IRt 19 end (Fig. 2F) 
